Chemokine receptors (CCR5, CXCR4 and CCR2) have been shown to be important co-receptors for HIV infection. Mutations at CCR5 (CCR5-∆32), CCR2 (CCR2-64I), and stromal-derived factor SDF1 (SDF1-3'A), a primary ligand for CXCR4, are known to have protective effects against HIV-1 infection and the onset of AIDS symptoms. We studied the three-locus genotype frequency distributions in 70 worldwide populations from a sample of 2341 individuals without any known history of HIV-1 infection and AIDS symptoms. From these data, we estimated the risk of AIDS onset (relative hazard, RH) of each population. This survey shows that the substantial allele frequency differences of each of these mutations translate into an extensive variation in relative hazards for AIDS in worldwide populations. However, no evidence of natural selection against the mutant gene carriers is detected. Finally, the combined three-locus genotype data predict the highest relative hazard (RH) in South-East Asia and Africa where AIDS is known to be more prevalent. European Journal of Human Genetics (2000) 8, 975-979.
Introduction
Two chemokine receptors, CXCR4 and CCR5, are major co-receptors required for the entry of T cell line-tropic and macrophage-tropic strains of HIV-1, respectively, into CD4 cells. 1 In addition, the expression of the stromal-derived factor (SDF1), the only known ligand of CXCR4, may inhibit transmission of T cell line-tropic HIV strains. 2, 3 Other chemokine receptors such as CCR2 may also play a role in HIV infection although their mechanism is less clear. 1, 4 Recent cohort studies have shown that the mutations in the genes encoding these chemokine receptors (CCR5 and CCR2) and ligand (SDF1) are linked to HIV-1 resistance. [4] [5] [6] [7] [8] [9] [10] [11] [12] The CCR5-∆32 mutation results in a truncated protein removing the receptor from the cell surface. 9, 13 Individuals homozygous for a 32-bp deletion in CCR5 (CCR5-∆32) were found to be resistant to HIV infection due to decreased expression levels of the receptor in the patients. 6, 9 Heterozygotes for the CCR5-∆32 mutation exhibit delayed progression of the disease. The mutant alleles of CCR2 and SDF1 (CCR2-64I and SDF1-3'A) carry point mutations in sequenceconserved regions, and it was suggested that the functional constraints of the regions explained their protective effects of delaying AIDS onset in the cohort studies. 11, 12 The SDF1-3'A mutation is located in the untranslated region of the transcript. The molecular mechanisms of the effect of the mutations in the CCR2 gene and SDF1 gene are not yet understood. The protective effects of CCR5-∆32 and CCR2-64I were shown to be dominant, whilst that of SDF1-3'A is recessive.
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Methods

Population samples
A total of 2341 individuals without any known history of HIV-1 infection from 70 geographically and ethnically defined populations were sampled for this study. The names and continental origins of each population are listed in Table 1 . Informed consent was obtained for the new collected samples.
Genotyping
A PCR RFLP assay was employed for genotyping. Published primer sequences and PCR conditions were adapted to amplify SDF1, CCR2, and CCR5 gene fragments covering the polymorphic sites. 9, 11, 12 PCR products were subjected to restriction enzyme digestion (MspI for SDF1 and BsaBI for CCR2) for 4 h. After digestion, the products of digestion for SDF1 and CCR2 or the PCR products for CCR5 were genotyped by agarose gel electrophoresis.
Relative hazard evaluation
In order to evaluate the risk of AIDS onset for the populations screened, relative hazard (RH) was computed for each population based on the three-locus genotype of each individual. As the RH value for the 27 possible three-locus genotypes (adapted from the cohort studies of Winkler et al; 12 also shown in 
Results and discussions
To survey the distribution of the three HIV-1 resistanceconferring alleles, we genotyped 2341 individuals with no known history of HIV-1 infection and AIDS symptoms. The samples represent 70 populations from five continents, Africa, Europe, Oceania, America and Asia (Table 2) including Southeast Asia, where the prevalence of AIDS is rapidly increasing. 15 Consistent with previous reports, 16 the deletion mutation, CCR5-∆32, is primarily found in populations of European descent. Sporadic occurrences of this mutation in other non-European populations (eg South Carolina Blacks, Brazilian Blacks, Tibetans, and Cambodians) are probably due to Caucasian admixture in these populations. In contrast, the prevalence of SDF1-3'A frequency is quite extensive and it is exceptionally high in Oceania, especially in the New Guinean Highlanders (reaching as high as 72%), reported in our previous study, 17 and relatively low in the populations of African descent (none in 26 individuals from Benin). The frequency of SDF1-3'A in other populations ranged from 3% to 43%. On the other hand, the frequency of the CCR2-64I allele varies little. In several Southeast Asian populations (Ami, Aini, Lahu, Bulang and Yao), this allele is virtually absent. Analysis of genotype frequency data did not show any significant deviation from the Hardy-Weinberg expectation (HWE) in any population, implying the absence of detectable selection differentials among individuals with and without the mutations in unaffected populations.
These data can be used to determine the potential risk of AIDS onset in different world populations. Based on the three-locus genotype distributions, we estimated the average relative hazard (RH) for each population (Table 2 and Figure 1 ), by using the genotype-specific RH indices (shown in Table 1 ) obtained in the cohort studies. In general, RH values vary considerably from population to population. However, geographically and ethnically related populations tend to share comparable allele frequencies at the three loci, resulting in similar RH across these populations. An exception to this is the variation of RH value among three native American populations (Karitiana, Mayan and Surui). Extensive genetic drift in the two isolated populations (Karitiana and Surui) and European admixture in Mayans are probable explanations for this observation. With the exception of American Samoans, the high frequency of the SDF1-3'A allele confers the lowest RH on the Oceanian populations, indicating potentially the highest protection from AIDS onset in these populations. On the other hand, African and Southeast Asian populations exhibit very high RH values, indicative of vulnerability of those populations to HIV infection.
Among 27 populations sampled from Southeast Asia, there are 11 (41%) with RH ≥ 0.9 for all three criteria (AIDS-1993, AIDS-1997, and death). In 50% of the African populations (n = 8) RH is ≥ 0.9. However, among the other worldwide populations (n = 35), only four (11%) meet this criterion. Therefore, this worldwide survey shows that the highest RH values are predominantly found in Africa and Southeast Asia.
Our observation of high RH in Southeast Asia is significant given that the surrounding populations such as the Oceanians and East Asians, including the Chinese, have much lower values of RH. This is probably the synergistic effect of the two reversing clinal trends in frequency distributions of alleles SDF1-3'A and CCR2-64I in the populations in East Asia, Southeast Asia, and Oceania. Previously we have shown A, B and C refer to the wild type alleles of CCR5, CCR2 and SDF1, respectively; and a, b and c are mutant alleles at the respective loci.
HIV-1 resistance-conferring polymorphisms in world populations y y that the frequency of SDF1-3'A decreases from south to north and the frequency of the CCR2-64I allele increases from south to north. 18 We contend that the resulting intermediate frequencies of the two mutant alleles combined with complete absence of the CCR5-∆32, yielded the high RH values in Southeast Asian populations, which coincide with the high prevalence and rapid growth of HIV infections in this area. 15 It is important to point out that the estimation of RH indices may not be accurate given the width of the 95% confidence intervals (see Table 1 
in Winkler et al).
12 It may also vary between studies. Furthermore, the allele frequency estimation may introduce an additional source of error, especially when the sample sizes are small. In this paper, we treated the RH indices for individuals as constants and the standard errors of sampling are presented in Table 2 . Such standard errors are surprisingly small even when the sample size of the population is small. In estimating RH indices, the difference in RH indices among racial groups is ignored. The errors introduced by this assumption should be very small, as RH index differences between racial groups are generally small (see Table 1 in Winkler et al). 12 However, it was recently shown that the RH indices of the haplotypes containing newly identified polymorphisms in the promoter region of CCR5 [19] [20] [21] are higher in African Americans than they are in European Americans. 19 Therefore, the RH index in African populations in this study is likely to be underestimated and our conclusion of high RH in Africa still stands.
